Abstract-In this study, we performed a validation analysis of a crosswalk that converts Functional Independence Measure (FIM) scores to Minimum Data Set (MDS) scores and vice versa in order to achieve score compatibility. Data from 2,130 patients were obtained from the Department of Veteran Affairs' Austin Automation Center. The conversion algorithm was tested at the (1) individual patient level, (2) classification level, and (3) facility level. The validity testing resulted in mixed findings. The mean MDS-derived FIM (FIMc) scores were within 1.3 and 0.1 points of the mean actual FIM (FIMa) scores for the motor and cognition scales, respectively. Kappa statistics demonstrated a fair to substantial (0.37-0.66) strength of agreement between functional-related group classifications generated from the FIMa and FIMc scores. Four of the five facilities had an average point difference of 2.4 between the mean FIMa and FIMc scores. While the sample distributions were similar, individual score comparisons fell short of expectations. Only 37% to 67% of the FIMc scores were within 5 points of the FIMa scores. The crosswalk algorithm demonstrated a convenient way to achieve score comparisons across different rehabilitation settings. However, the effectiveness of a single measure or of crosswalk conversions may ultimately depend on the quality of the data.
INTRODUCTION
To evaluate and track changes of functional status within the course of rehabilitative healthcare services, researchers and clinicians must integrate information across the continuum of care. While using a single and comprehensive outcome assessment instrument across all facilities would provide the best mechanism for the seamless monitoring of patient outcomes, the current system of site-specific outcome measures makes large-scale reformation extremely difficult.
The Functional Independence Measure (FIM) is currently the most widely used assessment of functional ability in inpatient rehabilitation facilities (IRFs) and comprehensive rehabilitation hospitals [1] . Through conjoint efforts of the American Congress of Rehabilitation Medicine, the American Academy of Physical Medicine and Rehabilitation, and 11 other national organizations, the FIM was developed as a central core measure of the Uniform Data Set for Medical Rehabilitation to document the functional status (motor and cognition domains) of patient outcomes [2] [3] . In 2002, the FIM was incorporated into the IRF-Patient Assessment Instrument, which was implemented within the national prospective payment system (PPS) for inpatient medical rehabilitation reimbursement [4] . Based on age, functional status (provided by FIM), comorbidities, and rehabilitation impairment category, patients are classified into discrete casemix groups (CMGs) for predicting the resources needed to provide patient care [5] .
While the FIM is extensively used in IRFs, the Minimum Data Set (MDS) is completed for all residents in Medicare/Medicaid skilled nursing facilities (SNFs) [6] . In response to the Omnibus Budget Reconciliation Act of 1987, the Health Care Financing Administration (now the Centers for Medicare and Medicaid Services [CMS] ) developed a Resident Assessment Instrument (RAI) that all certified SNFs use to assess and plan for the care of residents. As a central assessment core in the RAI, the MDS documents a variety of residents' health information for care planning [7] . By 1998, Medicare/Medicaid SNFs were required to encode and transmit MDS data to the state. After the PPS was mandated in IRFs, information from the MDS assessment (including an activity of daily living [ADL] score, a depression index, and a cognition performance score) was used to classify residents in SNFs into resource utilization groups for better care planning [8] [9] .
As a result, the FIM is widely used in IRFs and the MDS is mandated in SNFs. When patients are transferred between these facilities, functional status information is discontinuous. Longitudinally, we are unable to track and monitor trajectories of functional outcomes regarding individual patients. In addition, directly comparing functional outcomes across these rehabilitation settings is difficult.
In 2000, CMS recommended that IRFs use the MDS for Post Acute Care (MDS-PAC) as a uniform instrument to integrate healthcare information across postacute care [10] . Structurally similar to the original MDS, the content of the MDS-PAC was expanded to cover the care needs and outcomes across postacute settings [11] . For instance, the functional status section comprises not only basic ADLs (e.g., eating, transferring, dressing, and walking) but also instrumental ADLs (e.g., meal preparation, financial management, and car transfer) [10] . Nonetheless, because of considerable resistance, CMS is no longer considering the use of the MDS-PAC to monitor outcomes for postacute care [5, 12] .
Although the concept of developing a "universal" postacute assessment tool is conceptually sound, practical issues arise [13] . Both the FIM and MDS have undergone development for more than a decade and are presently the basis for resource allocation in IRFs and SNFs. For example, the FIM has been embedded into algorithms for computing medical payments. Hence, attempts to change or replace these measures would likely face considerable resistance from healthcare practitioners who use these instruments on a daily basis and administrators who base their administrative structure on these instruments (e.g., software, risk-adjustment algorithms, training, and data collection). Implementing a new assessment tool requires not only large-scale staff retraining and transformation in administrative procedures but also consideration of the consequences and impact of such a tool on rehabilitation services and reimbursement algorithms. Adopting a new uniform measure across all postacute care is likely to cost millions, if not billions, of dollars.
Developing a universal assessment tool also requires an adequate item set that covers the entire spectrum of postacute care settings with a variety of patients at different disability levels. This requirement leads to the issue of administrative burden (large item banks) and the adoption of items that may be inappropriate for particular IRF settings. For example, "easy" mobility items, such as "rolling in bed" might be essential to the assessment of individuals with severe disabilities in SNFs but will provide little relevant information for most of the patients treated in outpatient rehabilitation clinics. More challenging items, such as "walking outdoors for 200 meters," may provide useful information for evaluating patients who are 3 months postdischarge (i.e., follow-up evaluations) but would not be appropriate for evaluating patients who are in IRFs.
Furthermore, a new universal assessment tool would require considerable research to support its reliability and validity. Without rigorous psychometric research studies, health service researchers are unlikely to support such an instrument. All of these are practical issues when the replacement of existing instruments with a universal assessment tool across all postacute care settings is being considered.
Another option that avoids many of the challenges and complications of a universal assessment tool is the creation of crosswalks or statistical links between existing functional status instruments. In 2006, Velozo and colleagues developed a FIM-MDS crosswalk conversion algorithm to link the FIM and the MDS [14] . Their intent was to develop an effective, efficient method of tracking and evaluating veterans' functional status changes across IRFs and SNFs. The Rasch true-score equating method [15] was used to develop the FIM-MDS crosswalk, with the basis of the crosswalk being the similar ADL content of the FIM and the MDS. A sample of Department of Veteran Affairs (VA) patients who had been assessed on both instruments within 5 days was used to generate the crosswalk. A FIM-MDS raw score crosswalk conversion table was created whereby total FIM raw scores could be translated into total MDS raw scores and vice versa.
A critical step in determining the feasibility of this crosswalk methodology for practical application is to test its validity. Therefore, we performed a follow-up validation analysis based on the FIM-MDS crosswalk conversion algorithm developed by Velozo and colleagues [14] . The validity of the conversion algorithm was tested at three different levels: (1) individual patient, (2) classification, and (3) facility.
METHODS

Data Preparation
This study was a secondary retrospective data analysis using FIM and MDS data from the Functional Status Outcomes Database and the MDS database collected by VA's Austin Automation Center between June 1, 2002, and December 31, 2004. The two data sets were merged based on patients' scrambled Social Security numbers. Ethical consent for this study was obtained from the University of Florida Institutional Review Board and the VA Subcommittee of Human Studies. Access to VA MDS data was approved by the VA Veterans Health Administration.
We selected patient records that had both FIM and MDS assessments with ≤5 days between administrations. If a patient had multiple records, we selected the FIM-MDS record with the fewest number of days between administrations. Three major impairment groups in the database were selected for analysis: stroke, amputation, and orthopedic impairment. Data were cleaned of obviously invalid data, such as an age of 159 years or functional status items with negative coding. Only records with complete data for all FIM and MDS functional status items were included in the analysis. On the basis of these criteria, we analyzed a final data set of 2,130 patients out of the original 151,770 available records. 
Analytical Procedure
Before using the conversion table, we implemented several procedural steps. First, the MDS rating of "8" (activity did not occur) was recoded to a "4" (total dependence). This recoding was based on the rationale that the most likely explanation for a basic ADL not being observed during the entire observation period is that the patient was unable to perform the task. This assumption has been made in several previous MDS-related studies [16] [17] . Next, four "recall" cognition items on the MDS instrument had to be recoded so that all cognition MDS items had the same rating-scale direction, with a lower score indicating better performance. Lastly, item ratings from each motor and cognition scale were summed to obtain a total motor and cognition raw score. The total score of the FIM subscales consisted of 13 motor items and 5 cognition items, whereas the total score of the MDS subscales consisted of 13 motor items and 16 cognition items.
The conversion algorithm was tested at three different levels: (1) individual patient, (2) classification, and (3) facility. At the individual patient level, we calculated the absolute value of point differences between the actual FIM (FIMa) scores and the MDS-derived FIM (FIMc) scores (|FIMa -FIMc|) and the percentage of FIMa-FIMc scores within 5 and 10 points. To compare whether the score distributions were similar between the actual and converted scores, we used paired t-tests to test the equivalence of the score distributions.
At the classification level, the functional-related group (FRG) classification system [18] was used to examine whether the FIMc would classify the same patient into a classification level similar to that derived from the FIMa. The FRG is a patient classification system being used by the CMS and is the basis for computing the PPS payment in IRFs [19] . Using FRGs, patients were first classified into 1 of 20 impairment categories and further divided by the two FIM subscales (motor and cognition) and by age at admission to the IRF. Patients assigned to different FRGs are expected to have different rehabilitation outcomes and total costs of care. Therefore, whether the converted scores could classify the individuals into the same FRG as the actual scores provides a pragmatic test of the precision of the conversion algorithm. After classifying patients into one of the FRGs, we calculated the percentage of individuals being classified into the same FRG category, one category apart (±1 level), and two categories apart (±2 levels). Chisquare statistics were used to test whether any association existed between classification results based on the actual and converted scores. Meanwhile, kappa statistics were used to quantify the strength of association. Landis and Koch provide guidelines for interpreting the strength of agreement: a kappa statistic ranging from 0.21 to 0.40 demonstrates a fair strength of agreement, from 0.41 to 0.60 indicates a moderate strength of agreement, and from 0.61 to 0.80 indicates a substantial strength of agreement [20] .
Finally, the conversion algorithm was evaluated at the facility level. After the actual MDS scores were converted to FIMc scores via the conversion algorithm, the score distributions of the FIMc were compared with the actual score distributions of the FIMa by facility. Paired t-tests were used to test the equivalence of the facility-level mean scores obtained from the FIMa and FIMc scores. Since the final data set resulted in many facilities with small sample sizes, only the five facilities that had sample sizes of more than 50 patients were used for this analysis.
RESULTS
Sample
The first data set (phase I) used to generate the FIM-MDS crosswalk tables (motor and cognition) contained 654 subjects: 302 with stroke, 113 with amputation, and 239 with orthopedic impairment. The age of the sample ranged from 20.0 to 100.0 years, with a mean age of 68.0 ± 12.0 years (all data presented as mean ± standard deviation unless otherwise noted). The mean assessment date difference between the FIM and the MDS was 2.9 ± 1.7 days. Ninety-six percent of the sample was male and seventyfour percent was white.
The second data set (phase II) used to perform the validity test contained a sample of 1,476 subjects: 804 with stroke, 268 with amputation, and 404 with orthopedic impairment. The age of the sample ranged from 26.0 to 97.0 years, with a mean age of 70.2 ± 11.7 years. The mean assessment date difference between the FIM and the MDS was 3.2 ± 1.7 days. Ninety-seven percent of the sample was male and sixty-nine percent was white. Table 1 presents the baseline demographic information of these two samples.
Validation at Individual Level
Score Distribution
Figure 1(a) and (b) shows the actual MDS score distributions for the motor and cognition scales, respectively. The MDS motor domain had a score range of 0 to 52, with a score of 0 indicating that a person can perform every task Results from the Kolmogorov-Smirnov test of normality indicated that both FIM and MDS score distributions deviated from a normal distribution (p < 0.001). Additionally, the FIMa motor and cognition scales correlated with the actual MDS motor and cognition scales at -0.80 and -0.66, respectively.
Point Different Between Actual and Converted Functional Independence Measure Scores
The MDS scores were converted into FIM compatible scores via the crosswalk conversion algorithm. Figure 1(e)  and (f) shows the FIMc for the motor and cognition scales, respectively. Compared with the FIMa score distributions in Figure 1(c) and (d) , the FIMc scores showed a similar score distribution. The FIMc motor scale had a mean of 54.4, which was close to the FIMa motor score distribution with a mean of 55.7. While the mean difference of the distributions was only 1.3, the results from the Wilcoxon signed rank test showed a significant difference between these two score distributions (z = -4.11, p < 0.001). Pearson correlation coefficient was 0.79 between the FIMa and FIMc motor scores. Approximately 33.7 percent of the actual and converted scores showed a 5-point difference or less, and 56.9 percent showed a 10-point difference or less (Figure 2) . The mean point difference was 11.6 ± 10.4 points.
The FIMc cognition scale had a mean of 27.1 ± 7.8, which was virtually identical to the FIMa cognition score distribution with a mean of 27.0 ± 9.0. The FIMc cognition scores correlated moderately with the FIMa cognition scores (Pearson correlation coefficient r = 0.67). Approximately 67.1 percent of the actual and converted scores showed a 5-point difference or less, and 87.7 percent showed a 10-point difference or less (Figure 2) . The mean point difference was 4.9 ± 4.8 points. Table 2 summarizes the validation results at the individual level. 
Validation at Classification Level
The FIMa and the FIMc were used to classify patients into different FRGs based on the same classification algorithm. Tables 3-5 presents results from FRG classifications for individuals with stroke, amputation, and orthopedic impairment, respectively. FRGa indicates the classification results based on the FIMa scores, whereas FRGc represents the classification results based on the FIMc scores.
For individuals with stroke, the FRGs classified individuals into nine categories ( For individuals with orthopedic impairment, seven FRG classification levels were used ( Table 5) . Chi-square statistics exhibited a significant association between the classification results (χ 2 = 433.4, df = 36, p < 0.001) with a fair strength of agreement (κ = 0.37). About 55.0 percent of patients were classified into the same FRGs, 69.2 percent into FRGs within ±1 level, and 87.4 percent into FRGs within ±2 levels.
Validation at Facility Level
Lastly, we evaluated the FIM-MDS crosswalk conversion algorithm at the facility level by comparing FIMa and FIMc by facility. Table 6 lists the validation results at the facility level. In general, the mean differences between FIMa and FIMc varied from a low of 1.41 (facility E) to a high of 11.30 (facility A). Since the distributions of the FIMa and FIMc scores also deviated from normal distributions, nonparametric statistics were used to test the equivalence of the score distributions. The results from the Wilcoxon signed rank test showed an acceptable equivalence in three out of five facilities. The correlations between FIMa and FIMc motor scores also varied from facility to facility (ranging from 0.58 to 0.89).
The cognition scale showed more consistent results. Mean differences between FIMa and FIMc cognition scores ranged from 1.51 to 3.82 points. Nonetheless, the nonparametric Wilcoxon signed rank test revealed statistical significance for all facilities (p < 0.05). The correlations between FIMa and FIMc cognition scores also varied from facility to facility (ranging from 0.42 to 0.80).
DISCUSSION
This study evaluated the FIM-MDS crosswalk conversion algorithm developed by Velozo and colleagues [14] . We obtained "mixed" findings from the validity testing of the FIM-MDS motor and cognition crosswalks.
Several results supported the feasibility of developing FIM-MDS crosswalks. The actual FIM and MDS scores moderately correlated at -0.80 for the motor scales and -0.66 for the cognition scales. Results showed that the mean FIMc scores were very close to the FIMa scores, with a small difference of 1.3 points deviation for the motor scale and 0.1 points for the cognition scale. From the FRG classification system, chi-square statistics showed a significant association between the FRG classification results based on FIMa and FIMc scores, with a fair (0.37) to substantial (0.66) strength of agreement. Meanwhile, at the facility level four out of five facilities had just 1-to 3-point differences between the mean FIMa and FIMc scores.
While sample distributions were similar, individual score comparisons fell short of expectations. Only 34 percent of the FIMc motor scores were within 5 points of the FIMa scores and 56.9 percent were within 10 points. For the cognition scale, 67 percent of the FIMa and FIMc cognition scores showed a 5-point difference or less and 87.7 percent show a 10-point difference or less. The results for the FIM cognition scale may be inflated because of a severe ceiling effect. The results from nonparametric procedures did not support the hypothesis that the actual and converted scores had the same score distributions for either the motor or cognition scales. Meanwhile, the validation results at the facility level varied. The correlation coefficient between the FIMa and FIMc scores varied from moderate to strong for the motor (0.58 to 0.89) and cognition scales (0.42 to 0.80). While four of the five facilities demonstrated 1-to 3-point differences between the mean FIMa and FIMc scores, one facility showed an 11.3-point difference in the motor scale. The "mixed" findings from the validity testing of the FIM-MDS motor and cognition crosswalks leave considerable questions as to the extent to which crosswalks should be implemented. While the relatively strong correlations between the actual and converted scores support the use of a crosswalk, the significant differences found between the actual and converted score distributions suggested that the crosswalk may not have an adequate level of accuracy for decision-making in healthcare settings. The similar mean FIMa and FIMc scores suggest that the crosswalks may demonstrate "population equivalence" and may have adequate accuracy for monitoring of facility-level outcomes and for research involving large sample sizes. However, the results varied between facilities and the validation at the facility level did not completely support this conclusion. The facility-level testing was done with sample sizes just above 50 subjects. Larger sample sizes should be analyzed in future studies to investigate whether applying crosswalks at the facility level is feasible. Our validation results based on the FRG classification system were slightly less promising than those found by Buchanan and colleagues in their 2004 study of a crosswalk between the FIM and MDS-PAC [11] . They evaluated their FIM-MDS-PAC conversion system by classifying approximately 3,200 subjects into CMGs by using a prospective study. The FIM and the MSD-PAC to FIM scales mapped 53 percent of cases into the same CMG; approximately 84 percent were classified within one CMG. In this study, about 44 percent (stroke), 83 percent (amputation), and 55 percent (orthopedic) were classified into the same FRG and 67 percent (stroke), 100 percent (amputation), and 69.2 percent (orthopedic) within one FRG level. Buchanan et al. further evaluated the payment implications of substituting the MDS-PAC for the FIM. They found the mean payment difference between these two instruments was not significantly different from zero [11] . However, the SD of differences was large ($1,960) and nearly 20 percent of the facilities had revenue shifts larger than 10 percent of the original cost. Similar cost comparisons were not made in the present study because of the unavailability of cost information. Note that the present study, as compared with Buchanan and colleagues' findings, had different methodologies and sampling (e.g., differences in FRG vs CMG calculations, as well as secondary analysis of VA data vs prospective data collection).
The effectiveness of crosswalks may depend on sources of error associated with the FIM and MDS. This sample was selected based on the criterion of "5 days or less" between administrations of the FIM and MDS. Based on the requirements that clinical staff have 3 days to complete the FIM assessment after patients are admitted or discharged from an IRF and that MDS coordinators have 14 days to finish the MDS evaluation, the "5-day" criteria used in this study may be considered stringent. This study was based on the assumption that a patient's functional status remains unchanged during this 5-day period. This assumption is unlikely to be supported in clinical practice. However, as we further filtered the data with the criterion of fewer than 5 days between FIM and MDS assessment dates, the number of records available for analysis dramatically decreased. We also performed analyses with fewer days between administrations of the assessments. Even so, the more stringent criteria did not demonstrate better validation results.
To ensure the quality of the data, clinicians must obtain 80 percent or above passing scores on the FIM mastery test to be qualified for entering FIM data into the VA national database. Moreover, clinicians are retested every 2 years with a different version of the examination to ensure their rating accuracy of the FIM. A number of studies have shown that the FIM has good interrater or test-retest reliability (>0.90) [21] [22] [23] [24] . In contrast, for MDS assessments, each unit's assessment coordinator may obtain information from other staff orally or have specific professionals rate relevant items. The raters do not necessarily receive formal training, and no qualification examination is required. Since the MDS administration is much more extensive than the FIM, assessment burden may result in assessments being completed quickly instead of accurately, which further introduces rater error. The MDS items have been shown to have high interrater reliability with walking items (weighted κ = 0.89-0.92) [25] , overall ADL items (r = 0.99), and cognition items (r = 0.80) [26] . However, few MDS studies focused on physical functioning and cognition/communication domains and information regarding the psychometrics of these two sections is insufficient. To improve the application of the FIM-MDS crosswalk conversion algorithm at the clinical sites, improvement in the quality of test administration and rater training are likely to be required.
This validation study has several limitations. First, the data sets did not have sufficient information about assessment type (e.g., admission, discharge, follow-up) and discharge reasons. For patients who transferred from an IRF to an SNF, their condition may have been different from those who transferred from an SNF to an IRF. For instance, a transfer from one facility to another might be due to a significant change in the patient's medical or functional status or merely due to the need for continued care. Second, the present validation study only focused on three major rehabilitation impairment groups. More diverse impairment groups and more representative samples should be explored in the development of FIM-MDS crosswalk conversion algorithms. Third, fewer days between assessments dates should be explored in the future to minimize the potential for functional status change during the transfer period.
The failure of the FIM-MDS crosswalks in the present study to demonstrate "individual equivalence" (i.e., relatively low percentage of actual and converted scores being within 5 points of each other), suggests that the crosswalks do not have adequate accuracy to monitor individual patients who transfer from facilities that use the FIM (e.g., IRFs) or from facilities that use the MDS (e.g., SNFs). While these validation results fail to support the use of a crosswalk to monitor individuals across the continuum of care, the variance might be as much a function of the error in global measures per se as it is a function of error in the crosswalk. That is, variance in use of the same measure (e.g., only the FIM or only the MDS/MDS-PAC) by different raters and across different facilities could result in different FRG/CMG classifications and revenue shift differences similar to those found by Buchanan and colleagues in their study of the FIM-MDS-PAC crosswalk. That is, while using a single comprehensive outcome assessment instrument for postacute care may appear to be the best mechanism for monitoring patient outcomes across postacute settings, inherent error in these measures may lead to the type of inconsistencies found with the crosswalks. A direct comparison of a single measure to crosswalk conversions may be necessary to determine the best method for monitoring outcomes across the continuum of care. The effectiveness of a single measure or of crosswalk conversions may ultimately depend on the quality of the data. Effective monitoring of patients across the continuum of care, whether via a single measure or crosswalks, may ultimately depend on more rigorous standardization and more extensive training of clinical raters.
CONCLUSIONS
To evaluate and track changes of functional status within the course of rehabilitative healthcare services, researchers and clinicians must integrate information across the continuum of care. The crosswalk algorithm demonstrated a convenient way to achieve score comparisons across different rehabilitation settings. However, the effectiveness of a single measure or of crosswalk conversions may ultimately depend on the quality of the data.
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